Summary.-Generalized lymphosarcomatosis (leukaemia) of non -thymic type occurs in mice bearing 90Sr or 239Pu or 226Ra. Tumours passaged from such mice have been tested for tumour-associated transplantation antigens that could provoke a protective immunity which would be expected if such antigens were determined by virus activated by the irradiation. Sub-threshold doses of living syngeneic tumour, large doses of living allogeneic tumour and large doses of killed syngeneic tumour were without protective effect. This suggests that viruses observed electron micrographically in such tumours are passengers and not causative.
THERE is little information on tumour immunology of radiation-induced lymphomas compared with other murine lymphomas.
It is now recognized that many tumours have antigens (tumour-associated transplantation antigens, TATA) in addition to those inherited in the corresponding normal cell. Chemically induced tumours often have "strong" TATA which are individual to each tumour. Naturally occurring tumours, on the other hand, usually have very weak or undemonstrable TATA. Tumours induced in the laboratory by preparations containing oncogenic virus have TATA of variable strength, though these are not individualistic but common to the tumours induced and determined by the particular virus. However, some viruses are reported to produce little TATA (Jones and Moore, 1973) and no report has been traced of significant TATA in the prototype viral lymphoma (Gross) of AKR mice with vertical inheritance of virus.
Nevertheless, Klein et al. (1962) demonstrated tumour antigen associated with GCross virus horizontally transmitted to recipient (C3H) mice as allografts of Gross lymphosarcomas from mice of another genotype, or as isografts of sub-threshold doses of cells from the same syngeneic lymphosarcoma.
Radiation-induced lymphoma in laboratory mice is most frequently reported, after total body X-irradiation, as a thymoma with haematogenous spread (leukaemia) to other tissues, especially lymphoid. Lieberman and Kaplan (1959) and Kaplan (1977) attribute the disease to "activation" of a latent oncogenic virus. However, not all generalized lymphosarcomas following total body X-irradiation arise in the thymus in this way; some, notably those occurring late, are of a generalized non-thymic type (Mole, 1958) . Similar generalized non-thymic lymphosarcomas have been seen in mice injected with the bone-seeking radionucleides 90Sr, 239Pu and 226Ra at Harwell, involving the strains CBA/H, C3H/H and their hybrids (Loutit and Carr, 1978) . Whenever these primary tumours have been examined electron micrographically, virus has been visible (e.g. Loutit and Lloyd, 1977) .
These lymphosarcomas have been kept in passage in unirradiated compatible mice and used in the manner of Klein et al. (1962) 
RESULTS

Small doses of living cells
The results for the most extensively investigated tumour, Sr42/3, are given in Table I , in similar format to the results of Klein et al. (1962) for Gross virus leukaemia. In contrast to their results, in which for each column of the treated animals the deaths were significantly less than in corresponding untreated animals, there is no significant difference except after administration of 103 cells. Here, in striking contrast to the findings of Klein et al., the 
Ultrastructure of tumnour samples
The samples from the injection site and axillary lymph node consist almost entirely of leukaemic cells (Fig. 1) Fig. 2 and 3 oped, consisting of short flat cisternae (Fig.  2) . Mitochondria are fairly abundant.
Virus particles in tumour samples
The relative abundance of virus particles is listed in Table V . As so few sections from each block were examined, the observed abundance of virus in each sample may not be the true one. The important point is that virus particles were found in samples from all 7 animals. The particles showed the characteristic morphology described by other workers for virus found in murine leukaemias (e.g. Dalton et al., 1961; Brandes, et at., 1966; Dalton, 1972a) . Intracellular particles are often found within tubular structures which wrap themselves around the virus (Fig. 2) and may be derived from smooth endoplasmic reticulum. Virus particles are also seen within cisternae of rough endoplasmic reticulum (Fig. 3) . Such particles are round and ,80-90 nm in diameter. There is a pale nucleoid enclosed by 2 concentric electron-dense rings. The formation of a virus particle by budding into a cisterna of the endoplasmic reticulum is shown in Fig. 2 (inset) . The intracytoplasmic location, the size and morphology of the virus particles, place them in the A group of Bernhard and Granboulan (1962) . Dalton (1972b) classified such particles as Intracisternal Type A.
Extracellular virus particles are also seen, but they are much scarcer than intracellular virus. The extracellular virus   FIG. 2. -Portion of the cytoplasm of a leukaemic cell. Polyribosomes are abundant. Virus particles (arrowed) are visible within smooth-walled tubular structures which may be derived from smooth endoplasmic reticulum. The virus particles consist of a pale nucleoid surrounded by 2 concentric electron-dense layers. x 47,000. Inset. Granular endoplasmic reticulum consists of short flattened cisternae. Note the virus particle budding into the cisterna. x 40,000.
A4t
W}e:SÕ N,s f Ow" FiG. 3.-A virus particle, about 100 nm in diameter, has almost completely budded from the plasma membrane of a leukaemic cell. Lipid droplets can be seen in the cytoplasm. x 40,000.
particle is made up of an inner core of the same structure as the A particle, surrounded by a membrane (Fig. 3) . The total diameter of the extracellular particle is ...90-100 nm. The outer membrane is believed to be derived from the plasma membrane of the cell during budding (Dalton, 1972a) . A late stage of budding is seen in Fig. 3 , where the virus is almost completely separated from the cell. The extracellular virus seen in the passaged mouse leukaemias resembles those particles believed by Dalton to be the intermediate stage between Type A and mature Extracellular Type C. No convincing mature Ctype particles as described by Dalton (1 972a) were seen in the present study, but this may be due to the differences in the method of fixation. Dalton used chrome osmium as a fixative, whereas in the present study glutaraldehyde followed by osmium was used. Intracellular or A-type virus was found in samples from all 7 animals. Budding and intact particles were found in samples from all animals, even in those from Pu 3/4-64 where virus was very scarce. Extracellular virus was found in 6/7 animals, being apparently absent in Pu 3/4-64. Particles budding from the plasma membrane were rare, being found only in Sr 42/3-117 and Sr 52/1-109.
DISCUSSION
The experiments were designed to test a hypothesis that radiation-induced murine leukaemias (general lymphosarcomatoses) are due to activation of a latent oncogenic virus. From C57BL/Ka X-irradiated mice a virus had been isolated, and nominated Rad LV, which might lead the unwary to suppose that a specific virus (or activated precursor virus) were responsible for all murine radiation-induced leukaemias, as, when the association of virus with the spontaneous leukaemia of AKR was first accepted, it was predicted that all murine lymphosarcomas might be due to Gross virus.
However, the leukaemias under discussion were not the more commonly reported thymic lymphosarcomas (T-cell leukaemias; Haran Ghera and Peled, 1973) but generalized leukaemias of null-cell type (Loutit and Carr, 1978; Mehrishi and Loutit, 1977) Stockert, 1977) .
Had there been a single virus responsible for radiation-induced leukaemia and, like the Friend-Maloney-Rauscher group of engineered leukaemias, productive of TATA, the current investigation should have been able to show the development of some protective immunity not only within individual leukaemias (Tables I,  HI and IV) , but between leukaemias (Table  III) .
In none of the 3 variants of the treatment (small sub-threshold doses of living compatible leukaemic cells, or substantial and repeated doses of allied but incompatible leukaemic cells, or larger repeated doses of sterilized compatible cells) was there a suggestion that protective immunity, even of a weak form, had been elicited (Tables I-IV) . This is not to be taken that some immunological activity had not been invoked. Tables I and II indicate that 2 of the leukaemias, perhaps by virtue of an associated antigen, had produced on the contrary a significant degree of sensitization and accentuated response (cf. Prehn, 1975; Hewitt et al., 1976 It is now accepted that all mice, laboratory and feral, contain murine leukaemia viral peptides built into the genome, and serum antibodies thereto (Nowinski, 1975 (Klein, 1975) . However, there is now evidence that the inherited virus or proviruses may per se be relatively harmless and that a variant may be responsible for oncogenicity (Nowinski et al., 1977 Klein et al. (1962) .
Our failure to find evidence of a virusassociated TATA would be explicable as a rare chance event, if radiation-induced lymphoma virus were unique; but, if one accepts the compelling evidence of multiplicity of leukaemia viruses, failure to find protective immunity in tests of 7 syngeneic lymphomas becomes persuasive. Two recent reviews by Todaro (1978) and Klein and Klein (1977) both stress the generality of strong TATA for virally transformed cells, and thus the role of immunological surveillance in the control of such neoplasms. Klein and Klein made a strong case for the commonly investigated AKR leukaemia having been engineered by selection in the laboratory, and thus exceptional. Todaro argues that neoplastic transformation may facilitate the emergence of virus to alert the immunological mechanism. Thus a sequence of 7 leukaemias without evident TATA suggests to us origins other than viral, the observed viruses resulting from nonspecific phanerosis.
Pursuit of the virus theory of leukaemogenesis must have 2 objects. First, there is the basic study of viruses in neoplasms, causative or incidental, a testing exercise in microbiology in which virologists have made tremendous progress in the last few years. Second, there is the applied appeal of the possibility of immunoprophylaxis. As far as radiation-induced, leukaemia is concerned, there is yet no practical vaccine for the thymic type, and the experiments reported here give no encouragement for the non-thymic type.
The virologist may explain the carcinoinductive event as distortion of the normal sequences of nucleotides in nuclear DNA by the insertion of virally derived nucleotides, followed by loss of normal genetic interaction and control. This places no constraint on the radiobiologist to explain radiation-induced cancer and leukaemia through the mediation of virus. Ionization in DNA induces damage which may repair completely, or misrepair leading to entirely similar distortion of the sequences of nucleotides. Indeed it is now reported (Lloyd et al., 1978) that os particles can cause malignant transformation of cells in culture, the transformed cells differing from virally transformed analogues. Todaro (loc. cit.) goes further, to speculate that acquisition of virogenes in the genome may be a device to, introduce advantageous genetic variation from outside into a closed breeding species, some oncogeneity being an occasional penalty. Radiation induces genetic variation (mutation) within the closed system and the penalty is abundant neoplasia.
